We study a new definition of a non-linear model of time series with hyperbolic secant function in a discrete time. The suggested model consist of two parts the first part is (linear) and the second part is (nonlinear) which contains the hyperbolic secant function. We approximate this model to be linear by using the local linearization technique. We find the non-zero unique singular point that satisfies the non-linear variation equation, also stability of the non-zero unique singular point and the limit cycle if it exists of the suggested model.
601 non-linear model that is suggested in this paper. We find the non-zero unique singular point for the non-linear time series model with hyperbolic secant function, stability for the non-zero unique singular point and the limit cycle if it occurs. Also we find the necessary and enough conditions for the presence, the stability of a non-zero unique singular point and the condition for the stability of the limit cycle if it occurs of the public case of the suggested model.
Finally, we have given some examples (examples(1),(2),) to explain the local linearization technique with a graph of the orbits to show the stable unique singular point and unstable singular point of the suggested model of order one, and example(3) to explain unstable unique singular point of the suggested model of order two with it's graph of the orbits. 
Fundamental conceptions for time series
3-The sufficient condition for the limit cycle is
Definition 2.5: The next non-linear variation (difference) equation
... 
The suggested non-linear model:
We will give the definition of a non-linear time series model with hyperbolic secant function of order p such as:
Where } { t z is a white noise(normal distribution) and
,..., ; ,..., 1 1 are the parameters (real constants) of the suggested model.
Note that:
In the non-linear suggested model of an equation (1) we have the next cases:
, and the model is linear of order p, that means the model
2) Also, if
, and the model is linear of order p, such as:
is linear.
The stability for the suggested model
In this paragraph, we used the local linearization technique in order to find the stability for non-linear suggested time series models with hyperbolic secant function of order p=1,2, and we generalized this technique to the public model.
The local linearization technique includes three basic steps to find the stability for suggested model namely:
1-The non-zero unique singular point for non-linear model of time series. 2-The stability condition for unique singular point. 3-The stability condition for the limit cycle of the suggest model if it exists.
Let the non-linear suggested model defined by the next difference equation
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The unique singular point:
Let p=1 in variation equation (1), then we have that:
Since, the non-zero unique singular point satisfies that     f  and supposes that the white noise is neglected (
Then, the non-zero unique singular point
The needful and enough condition for presence of the singular point of the suggested model of one order is that:
The condition of the stable unique singular point:
We shall find the stability condition for the non-zero unique singular point as next: Put
for s=t,t-1 , in the variation equation (2), and let the white noise is zero 0  t z , then we have: 
The condition for the stable limit cycle if it exists:
Let the limit cycle of period q of the suggested model in the variation equation (2) Let, t=t+q in equation (8) we get the following:
Then, by (Theorem1) equation (10) is orbitally stable if 
Substitute p=2 in equation(1), we get:
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The unique singular point:
By using the definition of the singular point     f  and the white noise be neglected that means
The singular point for the variation equation (13) 
The necessary and sufficient condition for the presence of a non-zero unique singular point for the suggested model of two order is that: 
The condition of the stable unique singular point:
We shall find the stability condition for the singular points of the variation equation (13) Then equation (16) 
The condition for the stable limit cycle if it exists:
Let the limit cycle of period q of the suggested model in the variation equation (13) [2] . Suppose that t=t+q in the variation equation (18). 
Equation (20) is orbitally stable if this condition hold 
The stability condition of the public case of the suggested model:
For the public case for the suggested model.
We can find singular point by using the processes which are similar to the equation (3), then we get that:
, where the necessary and sufficient condition for the presence for the singular point for the suggested model of (p) order is: 
The stability condition for the singular point of the suggested model of (p) order is satisfied if all the absolute value of the roots i  of the distinctive equation 0 ... (2) is not stable because the root of the distinctive equation is located outside the unit circle, and the next figures offer that the model of example (2) is unstable for various initial values. Orbit of x0=1.001,x1=1.1,for x(t)=-2+4*sech(x(t-1))*x(t-1)+(-3)+3*sech(x(t-1))*x(t-2)
Figure (9) 
